Precise image expansion techniques are required for several applications in image processing field. These include reconnaissance photography, cartography, medical images, and satellite imagery. Several methods have been employed for this purpose: (1) pixel replication; (2) area sizing; and (3) interpolation and spline methods. All these methods generate distortion and noticeable degradation in the quality of the image especially on and near edges. We introduce a segmentation-based method that produces significantly improved expanded images and maintains high quality edges. This method segments the image into nonstationary regions and homogenous regions and then expands them separately and via different procedures. Nonstationary regions are expanded using an elaborate look-ahead-and-back procedure. Homogenous regions are expanded using expanded linear prediction approach. The experimental simulation results show that the expanded images of our method are aesthetically and objectively better than those of the other methods.
INTRODUCTION
Image expansion is a vital process for a wide range of applications that require image analysis and/or printing images on large format printers especially for images with low resolution. Several techniques for image expansion have been proposed in the literature. The most popular techniques are the following:
1.1
A.
Image Expansion Techniques
Pixel Replication: This method is a straightforward and the most popular method used for image expansion. It simply maps each pixel in the original image onto an NxN block where N is the expansion factor. For example, to expand an image three times, i.e., with an expansion factor 3, each pixel in the original image is mapped into 3x3 block of pixels in 
2.
the expanded image. This method is fast and computationally cheap, but it causes severe degradation in the quality of image at the edges and produces "jaggies" at the boundaries of the regions in the expanded image.
Area Sizing: This method expands images using weighted average of a number of nearest known neighbors. A simple example is the averaging of the nearest four neighbors to replace a single pixel that need to be expanded by two folds. Similar to replication technique, this method is simple, fast, and computationally cheap. The main disadvantages of this method include blurring expanded images and contouring effects.
Interpolation techniques: These methods attempt to fit a polynomial through the pixel points of the image to be interpolated. The order of the polynomial and the number of the points are the order of the interpolation itself. For example, cubic interpolation uses thirddegree polynomial whose curve passes through four points. Although this method degrades edges as it assumes a continuous image signal as well as its derivatives which is not the case in natural images, but it gives better results than area sizing method. It is also computationally expensive, and produces oscillation at the edges.
THE PROPOSED METHOD
The proposed method has the advantages that it accurately maintains edges and preserves details in homogenous regions. This method does not result in jagged lines, blurring, or ringing effects. Generally, an image is composed of nonstationary and homogenous regions. Homogenous regions are those where the pixels are close to each other in value. Nonstationary regions are difficult, if at all possible, to predict. The proposed technique exploits these properties and treats these regions differently. The algorithm can be summarized as follows:
0

Expansion of nonstationary regions
In this step, an edge detection map of the image is produced. There are several techniques that can be used to achieve such edge map. Canny edge detection algorithm (that can be found in MATLAB 5 ) has been used. This choice is made because it produces a single pixel edge, which is a requirement for our algorithm. Once the edge image is produced, it is expanded using 8-connectivity chain code (CC) in conjunction with the predetermined look-ahead-and-back table.
There are twenty-four possible cases in the look-ahead-and-back table. A sample of four cases is given in Table 1 . The expanded edges of the edge image are then padded with pixels on both sides to ensure maintaining high quality edges. This padding process is performed in accordance with an elaborate testing scheme that checks each pixel on both sides of the expanded edges in the edge image. This scheme relocates those pixels that they may have been moved to neighboring regions due to the expansion process. 
Expansion of homogenous regions
A labeled image is produced using the edge image that signifies homogenous regions. For each homogenous region we produce prediction coefficients that are representative of the characteristics of each region. A special expanded mat is produced that reflects the needed expansion factor of the image.
A straightforward prediction procedure is implemented to calculate the new pixel values using the calculated prediction coefficients. The linear predictor window used in this algorithm is the non-symmetric half plan (NSHP) window shown in Figure 1 below. Every set of the four coefficients is expanded using these coefficients. Using the expanded new sets of prediction coefficients we predict the new pixels to be inserted in the homogeneous regions.
Figure 1. NSHP Prediction Window
Union of expanded nonstationary and homogenous regions
An algebraic union operation to add the expanded nonstationary regions with the expanded homogenous regions is performed. The result of such operation produces the final expanded image. 
CONCLUSIONS
Replication image expansion methods produced blurry images, as they do not treat the staircase phenomenon that they produce by the simple repetition of pixel value. Interpolation methods assume continuous image signals and their first, second and higher order derivatives, which contradicts with the nature of numerous kinds of images. This assumption causes degradation in the quality of the expanded images especially at and around edges. Other methods such as splines or BCzier stretch their curves into neighboring regions regardless the distortion they generate.
The proposed method produced both perceptually and quantifiably significant improvements in the expanded image as compared to replication methods and interpolation methods as depicted in Figure 3 . This method side effect is that it uses the look-ahead-and-back step for nonstationary regions, which requires addition computational overhead. 
